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1 Introduction
In TS36.101 for each operating band the requirements are specified in terms of a nominal channel bandwidth and an additional channel bandwidth. For nominal channel bandwidth no performance mitigation is allowed. For additional channel bandwidth some relaxation of UE performance or functionality could be defined based on mitigating factors which are FFS. The rationale for supporting additional FDD channel bandwidth is the increase in peak/average throughput and UL/DL spectrum efficiency associated with a larger channel bandwidth. 
 In this document we look at the impact of UE self interference (desense) in defining the requirement for normal channel bandwidth and additional channel bandwidth for FDD operation.  A TP proposal is provide for TS36.101 to reflect the proposed changes
2 Analysis

2.1
UE Configuration 

The UE configuration is shown below
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In our self –interference analysis we assume; 

a) Same maximum UL and DL channel bandwidth 

b) UE is transmitting at maximum power (23 dBm) 
c) Full RB allocation is being transmitted starting from worst channel edge
d) Full RB allocation is being received 

e) OOB emissions from the Tx is attenuated by -50 dBc by the duplex filter. This -50 dBc value takes into account 



-
Duplex filter manufacturing tolerance



-
Stop and Pass band attenuation for worst case channel for the operating band


-
Performance over full operating temperature

f) Leakage power is significantly lower than reference sensitivity. 
· Tx leakage must be suppressed to a level 10 dB below Rx input noise with typical noise figure – in this case the noise will desensitize the receiver by 0.5 dB
g) Leakage power does not Rx affect Intra – frequency measurements

· For Intra frequency measurement of neighbour cells on the same frequency carrier, no measurement gaps are provided and hence self interference must not degrade the measurement performance for the worst case transmitted and receiver  bandwidth configuration (resource blocks) 
h)
Support for a specific channel bandwidth is only defined with respect to receive sensitivity and do not address other RF parameters like spurious emissions .etc
Previous results presented in R4 showing measured results but do not indicate if they meet all of the above assumptions. For example, if we consider the temperature aspect for a low band duplexer we see significant changes over temperature in pass/ stop band attenuation which may not be reflected in a sample measurement. 
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Additionally, we note the same duplexer would be utilized for both UTRA and E-UTRA to minimise the number of duplex filter modules needed to support an operating band. This implies, in the general case, the filter performance should be the same or better than WCDMA, since additional filtering attenuation to support wider channel bandwidths will impact existing Tx power and Rx sensitivity requirements in WCDMA mode 
2.2
Nominal channel bandwidth

Based on the assumptions in 2.1 the maximum channel bandwidth is as follows;
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This assumes the maximum BW can be supported with no performance mitigation for Rx sensitivity. Other RF parameters are treated as separate requirements.  Based on the above we note that some of the operating bands in TS36.101v8.0.0 which have been requested by operators cannot meet the above criteria for the specified channel bandwidth. These are shown highlighted in yellow 
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2.4
Noise rise impact on self –interference 

As shown in Figure 2.3-1, noise floor increase is as a function of Tx RB and delta frequency offset between Tx RB(s) and Rx Channel when there is self interference due to insufficient duplex gap.
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Figure 2.3-1 Receiver noise floor increase vs. Tx RB allocation vs.  freq offset
This noise floor increase with the numbers of RB(s) is to be expected in the case of self-interference. However, we should note, in a noise limited scenario the number of RB(s) allocated to a UE will be low for edge of cell coverage performance and hence the impact of self – interference will be small for UE(s) transmitting at maximum power.  Conversely large RB allocations would normally be scheduled when the UE is close to the cell site and in this case self interference will be reduced due to a lower Tx power.  

2.5
Nominal channel bandwidth dependency on RB allocation.

As mentioned previously, the assumptions for transmitted configuration assume maximum transmitted power and RB allocation.  Table 2.5.-1 to 2.5-3 shows the impact on desense for different RB allocations for the different operating bands, channel bandwidths (5, 10, 15 and 20MHz) and maximum RB allocation. Results have also been included for 8, 12, 16 and 18 RB since this aligns with no MPR scenario as per table 6.2.3-1 in TS36.101. 
Table 2.5-1: 5 MHz channel bandwidth
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Table 2.5-2: 10 MHz channel bandwidth 
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Table 2.5-4: 15MHz channel bandwidth
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Table 2.5-4: 20MHz channel bandwidth
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Results are highlighted for desense value < 1 dB (green), desense value in the range of 1-3 dB (dark green), and desense values > 3 dB (red). Depending on the operating band, channel bandwidth and RB allocation, the desense value can be significant.  
2.6 

Mobility measurement impact of self – interference 

Any self-interference will impact the UE ability to make a measurement for mobility and system performance.  Three mobility measurements are defined in 3GPP
· Intra-frequency neighbor cell measurements on the same carrier frequency. In the case of Intra-frequency neighbor cell measurements, no UL transmission gaps are provided and measurements by the Rx will be degraded due to self-interference. 
· Inter-frequency neighbor cell measurements between cells with a different carrier frequency. In the case of Inter-frequency neighbor cell measurements the UL transmission is  interrupted – so there is no UE self interference due to duplex coupling or measurement error 
· Inter-RAT neighbor cell measurements between cells with a different carrier frequency and on a different technology. In the case of Inter-RAT neighbor cell measurements the UL transmission is  interrupted – so there is no UE self interference due to duplex coupling or measurement error
Based on the results presented in section 2.5 we note 18 RB transmitting at maximum power provides no self interference for all channel bandwidth / operating bands shown.. The maximum power assumption is used since maximum power is normally considered for edge of cell performance where mobility measurements are more critical.  At low transmitted power values the number of RB that can be supported without desense will obviously increase.  
3 Conclusion 
For nominal channel bandwidth requirements can be specified for transmitted configuration to meet the reference receive sensitivity requirement. This requirement can assume worse case RB allocation and a maximum transmit power for the specified transmitted configuration (resources blocks) for each channel bandwidth. Two types of transmitted configuration (resources blocks) can be defined in terms of the follows;
a) Transmitted configuration (resources blocks) limited to the maximum channel bandwidth.  For example, a single UE can be allocated by the scheduler up to a maximum of 50RB for a 10 MHz channel 

b)  Transmitted configuration (resources blocks) limited to the less than the maximum channel bandwidth.  For example a single UE can be allocated by the scheduler up to a maximum of 25 RB for a 10 MHz channel. 

We believe the inclusion of b) provides a balance between the use of a higher channel bandwidth to provide an increase in average throughput and limited possibility of a UE being given a 100% resources block allocation. In both scenarios the UE is required to meet the reference sensitivity requirement.
.  

-
Text proposal for TS36.101 for clause 5.4.2.1 is provided
For additional channel bandwidth 
These requirements are similar to the normal channel bandwidth requirement; however, an additional degree of freedom could be specified, in terms of an allowed reduction in sensitivity (MSR) for FDD duplex operation and / or a limit on the power for the transmitted resources blocks.  In this case an appropriate value of desense should be defined to address the impact of mobility measurement for the Intra –frequency case.  This scenario would be useful to operating bands which have a small duplex gap and would like to operate with a larger channel bandwidth 
· Text proposal for TS36.101 for clause 5.4.2.2 is provided below;

--------------Start of Text Proposal ----------------
5.4.2.1 
Nominal channel bandwidth

Table 5.4.2.1-1 specifies the maximum number of transmitted bandwidth configurations (resources blocks) for UE Power Class 3 (clause 6.2.2) that can be supported to meet the reference receive sensitivity requirement (clause 7.3.1).
Table 5.4.2.1-1: E-UTRA channel bandwidth
	E-UTRA Band / Channel bandwidth / RB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	-
	-
	FDD

	3
	6 
	15 
	25 
	50 
	-
	-
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	-
	-
	FDD

	6
	-
	-
	25 
	251
	-
	-
	FDD

	7
	-
	-
	25 
	50 
	501
	-
	FDD

	8
	6 
	15
	25 
	251
	-
	-
	FDD

	9
	-
	-
	25 
	50 
	501
	501
	FDD

	10
	-
	-
	25 
	50 
	75 
	100 
	FDD

	11
	-
	-
	25 
	-
	-
	-
	-

	12
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	

	...
	
	
	
	
	
	
	

	33
	-
	-
	25 
	50 
	-
	-
	TDD

	34
	-
	-
	25 
	50 
	-
	-
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	38
	-
	-
	25 
	50 
	-
	-
	TDD

	Note
1. Maximum number of resources blocks is less than supported channel bandwidth 




	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


5.4.2.2 Additional channel bandwidth
The following additional channel bandwidth can be supported if certain relaxations of the UE performance are allowed or UE functionality is limited. These relaxations and limitations are TBD.

Table 5.4.4.2-1: Additional E-UTRA channel bandwidth
	E-UTRA Band / Channel bandwidth / RB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
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	38
	
	
	
	
	
	
	

	


	E-UTRA band / channel bandwidth

	E-UTRA Band
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
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5.4.3
Channel raster

--------------New Text Proposal ----------------
7.2
Diversity characteristics

The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. Requirements for 4 ports are FFS.

7.3
Reference sensitivity power level

For the nominal channel bandwidth specified in  clause 5.4.21 the  reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the mean throughput Rav shall meet or exceed the requirements for the specified reference measurement channel.

7.3.1

Minimum requirements (QPSK) 

The throughput Rav shall meet or exceed the minimum requirements specified in table 7.3.1-1 for the specified REFSENS.

Table 7.3.1-1: Reference sensitivity QPSK 

	E-UTRA

BAND 
	Channel bandwidth 

	
	1.4 MHz
	1.6 MHz
	3  MHz
	3.2 MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	
	REFSENS / Rav
	REFSENS / Rav
	REFSENS / Rav
	REFSENS / Rav
	REFSENS / Rav
	REFSENS / Rav
	REFSENS / Rav
	REFSENS / Rav

	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
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	38
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Note:

1. The transmitter shall be set to maximum output power level 

2. Reference measurement channel is [Annex C QPSK R=1/3]




7.3.2
Maximum Sensitivity Reduction (MSR)

For some operating bands, it is anticipated that the transmitter noise falling in the receive band will be dependant on the channel bandwidth and will degrade the reference sensitivity depending on the operating bandwidth, TX power and FDD or TDD operation configured by the scheduler. This section is for FFS.

7.4 Maximum input level

4 Reference 

[1]
R4-072171, “TP for E-UTRA UE channel bandwidth for TR36.803,” NTT DoCoMo

[2] 
R4-072225, “TP for E-UTRA UE channel bandwidth for TR36.803,” NTT DoCoMo
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